This review presents a generalized definition of vesicles as bilayer extracellular organelles of all cellular forms of life: not only eu-, but also prokaryotic. The structure and composition of extracellular vesicles, history of research, nomenclature, their impact on life processes in health and disease are discussed. Moreover, vesicles may be useful as clinical instruments for biomarkers, and they are promising as biotechnological drug. However, many questions in this area are still unresolved and need to be addressed in the future.
The growing interest in studying extracellular structures, especially exosomes and microvesicles (microparticles), is determined by the understanding their significance for surrounding cells, tissues and organs as cell-to-cell signal transmission mediators. The results of recent cell biology and biochemistry research works give a reason to consider vesicles of 20 nm-1 μm in diameter formed through exocitosis of multivesicular bodies or direct plasmalemma budding, as bilayer extracellular organelles of all cellular forms of life: not only eu-, but also prokaryotic [1] .
Classification. Due to a wide diversity of research field disciplines and different classification principles the common solution for cellular vesicles classification is still not obtained [2] . Currently there are two or six types of extracellular eukaryotic vesicles: 1) exosomes; 2) microparticles (microvesicles); 3) membrane particles; 4) apoptotic vesicles (apoptotic bodies); 5) ectosomes; 6) exosomelike vesicles. It was suggested to neglect the last two types in the work [3] because of insufficient evidence of their existence: ectosomes require size clarification, and exosome-like vesicles under transmission electronic microscopy turned out to be damaged or destroyed blisters. Regarding the fact that microcells density and composition are understudied, and allowed diameter range of microparticles includes exosome diameter (30-100 nm), exosomes and microvesicles can be combined into one type. Membrane particles described only for epithelial cells and having the size (50-80 nm, 600 nm) like microparticles (20-1 000 nm) can be regarded as a special case for microparticles and exosomes. Thus only two types of extracellular vesicles can be definitely distinguished: 1) exosomes and microparticles (microvesicles); 2) apoptotic bodies. The last ones are different from the first two for large size (1 000-5 000 nm), heterogeneous morphology, composition (existing histones and genomic DNA fragments) and origin (plasma membrane or endoplasma reticulum).
Exosome and microvesicles research history traces back to the 40's of the last century, when Erwin Chargaff studied the biological significance of thromboplastic protein to understand not only the normal blood clotting process, but also disorders like haemophilia [4] . He discovered that agents, transforming prothrombin into thrombin, are lipoproteins sedimentating in a high field of centrifugal forces (31, 000 g), and remaining in a solution under low centrifugal forces (5,000 g). His experiments showed that decellularised plasma contains a subcellular factor, which enables blood clotting. After more than 20 years a subcellular plasma fraction was studied and then its composition was identified -small particles (microparticles) with coagulative properties similar to the blood platelet factor-3 and called "thrombocyte trash", because their formation was observed at platelet storage and it seemed that microparticles are platelet desintegration products [5] . Already 70 years have passed since E.Chargaff works till foundation of International Society for Extracellular Vesicles (ICEV) in 2011 [6] . Placelet vesicles have been studied [7] , and in 1975 extracellular glomerular microparticles were described [8] .
In 1987 the research group led by Rose Johnstone introduced the "exosomes" term (gr. exo -outside, off and soma -body) to describe extracellular blisters isolated from conditioned cultural medium of sheep's reticulocytes [9] . These vesicles had characteristic properties of reticulocytes plasma membrane (acetylcholinesterase, transferrine receptor etc.) without cytosolic enzymes or their low number that indicated the loss by reticulocytes of their exosome proteins during maturation. The research workers suggested that vesicles externalization (external response process) may be disposal from old membrane proteins during reticulocytes differentiation into erythrocytes. Later exosomes were discovered not only in vitro, but also in whole blood of sheep, pigs, rats, rabbits [10] and chickens as well [11] , what indicated that exosome generation is a natural phenomenon not only for mammalian red blood cells, and a little later -not only for reticulocytes.
Generation ways. At the same time it was suggested that membrane proteins mechanism of packing into exosomes repeats the way, which was described for transferring receptor conjugated with colloidal gold, namely: endocytosis of specified membrane proteins followed by generation of microvesicular bodies due to further invagination [9, 12] . These multivesicular endosomes release content (exosomes) into the environment through the fusion with plasmalemma and that is currently a classic exosome generation way. The direct exosome and microvesicle generation occurs by budding from the plasma membrane [3] .
It is assumed [13] that microparticles develop when asymmetric lipid distribution between internal and external plasma membrane layers gets disturbed. Generally phosphatidylserine is located on the internal monolayer. When cells undergo activation or apoptosis the phosphatidylserine externalization is the earliest indicator of the process. That is why microvesicles were separated into a single group as blisters thrown-in by stressed cells plasma membrane. However, the existence of microvesicles without phosphatidylserine (from epithelial cells) put this definition into question and engaged the researches to introduce a new extracellular vesicles type -"membrane particles". Besides, the name "membrane particles" is not adequate as exosomes with microvesicles are such as well for being of membrane origin. Actually "membrane particles" are microparticles without phosphatidylserine, and microparticles are the same exosomes, but emitted by stressed cells.
The research group led by Rose Johnstone also discovered that most of transmembrane proteins (anion carriers) remain in full in mature red blood cells -that is an indicator of high selectivity of specific protein group recognition mechanism. It is still not investigated how particular proteins and RNA are chosen for externalization.
Interaction with cells. Apoptotic bodies as products of programmed cell death rather quickly undergo phagocytosis [14] . Whereas exosomes can be captured by surrounding cells and transmit stored information that is approved on internalization (capture) of exosomes with a green fluorescent mark [15] presumably provided involving specific receptor molecules of cell surface. As it was shown [16, 17] internalization and exosome functionality can exploit heparan sulfate proteoglycans of cellular surface as endocytosis receptors of variable amount entering connective cells (lipoproteins, growth factors, morphogenes etc.).
Exosome modification by surrounding cells is also possible: particular exosome molecules may be a substrate for cell cytoplasm membrane enzymes of other type different from exosome source type. It was discovered that transferrine receptor of sheep's exosomes served as a substrate for a plasma membrane protease of human granulocytes -this way plasmalemma proteins having completed their task can leave a cell as part of exosomes and undergo lysis [18] .
Composition. The concept stating that exosomes and microvesicles can act as paracrine effectors is based on their ability to perform transport of bioactive molecules between cells: inside a particular microenvironment or distantly through inclusion into biological fluids (blood, lymph, amniotic fluid etc.). This way protein and RNA (mRNA, microRNA, ribosomal and other noncoding RNA) transfer [19] towards particular target-cells is provided. It consequently may result in activation, phenotypic modification and reprogramming of cell functions. As it was approved that exosomes may sometimes include mitochondrial DNA [20] upon cancer cell origin -doublestranded genomic DNA fragments [21, 22] , there is a theoretical possibility of a horizontal transporting of genes under their participation -the process of genetic code transfer to other non-descendant organism.
The antigens of a parent cell may serve to identify exosome and budding microvesicles. There is also a range of exosomal markers offered -membrane protein tetraspanins (though they are mainly considered as hemopoietic cell characteristics): CD9, CD63, CD81, CD82, CD89 [23] . Exosomes secreted by antigenpresenting cells like B-lymphocytes and dendrite cells demonstrate molecules of main histocompatibility complex of I and II class [24, 25] , by mammary gland cells -milk fat globule membrane proteins [26] . Occurrence of heat shock proteins -hsp70 and hsp90 -is still considered as an exosomal quality [27] despite the fact that these proteins in exosomes were described for the first time in a close noncovalent bond with transferin receptors in maturating reticulocytes [28] . Heat shock proteins locate in cells and under non-stressful conditions help to split peptide bond between aminoacids in abnormal proteins and for newly synthesized proteins to correctly coagulate, besides, it is rather possible that they are characteristic for exosomes from any eukaryotic cells as well as cytoskeleton proteins, e.g. actin and tubulin (for bacteriatheir homologs). Considering the fact that exosomes are hardly detached from microvesicles due to particular correspondence of their size, the above mentioned qualities can be present in microvesicles either.
Impact on surrounding cells, the functions and clinical relevance. The impact of exosomes and microvesicles on many biological processes, taking place under laboratory and living organism conditions, are currently studied. It is established that with their participation the management of vital functions of cells, tissues and organs is provided. Transferring regulatory molecules by exosomes is important for proliferation and differentiation of progenitor cells. For example, exosome executed transition of microRNA-122 between neighboring cells is essential (along with influencing cell metabolism and other functions) for slowing cell growth [29] . Exosomal microRNA generated form muscular threadworm tubes suppressed the synthesis of Sirt1 protein in myoblasts that contributed their differentiation into myocytes [30] , and macrophage microvesicles induced the monocytes differentiation into tissue-specific macrophages [31] .
It was shown that secretion of immunomodulatory placenta protein modifying maternal immunity is carried out by exosomes [32] . The microRNA transition is assisted by milk exosomes that is important for a baby immune system development [33] . Exosomes are also likely to take part in transferring interfering RNA (microRNA, short type RNA acting on piwi-type etc.) between animal kingdoms: floral microRNA was isolated from mice blood held on rice diet and then it was integrated into liver cells resulting in decreasing of low density proteins in plasma [34] . It was suggested that exosomes and telocyte gap junctions (particular type of very long stromal stem cells) are a part of a unique primitive nervous system [35] and this fact is rather controversial because exosome generation is characteristic not only for telocytes. Obviously it would be more correctly to say about exosomal transportation as a universal communication medium between cells.
For pathological processes development submicrone extracellular vesicles are of the same value as for normal organism functioning. Tumor exosomes launch malignant transformation of stem cells [36] , suppress immune cells functions [37] , may cause DNA damage by active oxygen forms and autophagia of surrounding cells [38] , providing the generation of so called "cancer niches" and cancer progression. Virus afflicted cell exosomes may facilitate viral expansion by direct distribution of the virus [39] or defective genome products, for example as CD4+ of human lymphomaТ-cells (Hut-78 line), which expressed functionally defective HIV-1 without releasing viral particles into the environment (F12 clone), and which induced activation and tolerance for HIV-1-replication of nonstimulated primary CD4+ Т-human lymphocytes [40] . It was investigated that cardiomyocyte hypertrophy also runs under participation of exosomes transferring hypertrophy inductors (microRNA-21*) from cardiac fibroblasts to cardiomyocytes [41] . According to these data it may be suggested that exosomes as information carriers play a substantial role in the development of any disease.
As it was mentioned it can be concluded that exosomal impact on surrounding cells is determined by their content which is in its turn determined by source cells, and transportation is its main function.
The perspectives for clinical application of small vesicles (up to 1, 000 nm) having cellular origin are rather extensive. Their ability to cross blood-brain barrier gives an opportunity to cure brain damages and neurodegenerative diseases. As far as the positive effect of cell therapy using multipotent mesenchymal stromal cells and hematopoietic stem cells (MSC and HSC correspondingly) may be significantly determined by paracrine impact of exosomes and microvesicles, they have potential for common application with stem cells. There are also data published, confirming that MSC exosomes of a human cord blood due to hepatocyte protection weaken the consequence of liver cirrhosis [42] and healthy influence liver cells in vivo [43It is also possible to integrate stem cells after previous cell culture with particular set of exosomes and microvesicles for cell commitment (to point for a particular development path).
Monocyte exosomes due to tumor-sensitive protein Tsg101 (tumor susceptibility gene 101) which brings to cancerogenesis in case of shortage [44] , can be used for cancer therapy, as well as exosomes of cells not affected by cancer due to membrane proteins of Wnt intracellular signaling pathway, regulating cellular differentiation and malignant tumor development [45] . Despite the established positive impact of MSC on neoangiogenesis, there is evidence that exosomes of these cells suppress tumor angiogenesis as it was shown by the example of mammal gland cancer in vitro and in vivo at subcutaneous injection to inbred mice of cancer cells mixture and MSC exosomes. But it is still uncertain at what cost MSC exosomes provide such an effect, partially due to decreasing the expression of VEGF endothelial growth factor in tumor cells [46] .
In general exosomes of correctly func tioning cells may be applied for repairing cells of the same type but with lost function. It was shown that endothelial cell exosomes stimulate cell migration and angiogenesis while exosomes from endothelial cells without microRNA-214 are not able to perform such an action [47] .
Exosome utilization strategies for clinical purposes may include inflammation and immune response regulation: single injection of macrophage exosomes brought to decreasing thermal abnormally high sensitivity for pain stimulus (hyperalgesia) on the inflammatory pain model of mice [48] .
It was suggested to use bacterial exosomes, so called "external membrane vesicules", to manu facture anti-infective cell-free vaccines [49] .
Moreover blood and urinary exosomes can be considered as biomarkers for various diseases and serve for diagnostics [50] , because they are molecular content carriers (e.g. proteins and RNA) that indicate to pathological and physiological status of source cells. Besides exosomal RNA is protected from ribonuclease impact unlike intracellular RNA and blood plasma RNA [51] . Using exosomes can be an alternative for invasive diagnostics, for example, to provide data obtaining without making biopsy at cancer [52] . It is also discussed to use blood plasma exosomes as status biomarkers of multiple sclerosis [53] , cardiovascular risk [54] , liver damages [55] and a range of other diseases.
Thus, studying submicrone vesicles of cell origin is promising and important for healthcare. Despite the remarkable progress for the last two decades in understanding the structure, functions and clinical value of exosomes and microparticles, the fundamental molecular mechanisms of vesicles generation of particular composition and capturing them by targetcells is still unclear as well as the criteria for identification of various vesicles types, biological value of extracellular vesicles for a living organism. These questions give a wide field for new researches and still challenging is the name for research line introduced by Rose Johnstone -"Alice's Adventures in Wonderland" [56] .
The most interesting in the context of practical healthcare is studying exosomes and microvesicles impact on the development and progression of a given disease, a possibility to correct pathologic behavior using particular extracellular vesicles as biotechnological remedy. It is also relevant to study the further role and value of exosomes for surrounding cells, tissues and organs at the molecular level, of application perspectives and authenticity of extracellular vesicles as disease progress biomarkers.
